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@ Switch-mode power supply. 



® A switch-mode power supply comprises a D.C. (15A,16A). A field is generated in the core of the 

power source (1-13), a transfonmer with a primary transformer which is sensed by an auxilliary winding 

winding (20), first and second switching transistors (42) of the transformer which generates a signal. The 

(22,24) in series with the primary winding, and drive signal switches on the second switching transistor 

means (30) for generating signals for controlling the (24), allowing a circuit to be completed through both 

switching transistors. On activation of the drive switching transistors and the primary winding of the 

means (30), a diode (44) completes a circuit through transfonmer. A rebalance winding (45) Is provided to 

the first transistor (22) and part of the primary wind- replace energy drawn from junction (19A) to main- 

ing (32) and draws energy from a junction (19 A) tain the capacitors in balance, 
between two series connected reservoir capacitors 
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The present invention is directed to a switch- 
mode power converter, and relates to a switching 
transistor drive technique which is particularly use- 
ful In converters employing limited voltage rating 
transistors, such as field effect transistors (FETs). 

However, converters constructed in accordance 
with the present invention are adaptable for use in 
any switch-mode power supply, the limitation on 
voltage being determined solely by the capacity of 
the components used. 

As discussed in more detail below with refer- 
ence to exemplary switch-mode power converters 
of the above type, certain problems arise in ec- 
onomically and effectively applying control signals 
to the switching transistors in such converters. 

The switch-mode power converter of the 
present invention utilizes a simple drive circuit re- 
ferred to only a single reference potential, and 
requires drive only to a single transistor. 

Accordingly, the present Invention is directed 
to improvements in switch-mode power supplies of 
the type having a direct current power source, a 
transformer with a primary winding, at least one 
secondary winding and a core, first and second 
switching transistors in series with the primary 
winding of the transformer, and drive moans for 
generating signals to switch on the switching tran- 
sistors to complete a circuit through the power 
source, the switching transistors and the primary 
winding. The improved drive means, according to 
the invention, includes first means to switch on the 
first switching transistor. The improvement, accord- 
ing to the invention, also consists in providing 
connection means to complete a circuit through the 
first switching transistor and at least part of the 
primary winding on activation of the drive means. 
The current from this circuit generates a field in the 
core of the transformer, and second means in the 
drive means is responsive to this field for switching 
on the second switching transistor, thus completing 
a circuit through both switching transistors and the 
whole of the primary winding of the transformer. 

Preferably, the second means for switching on 
the second switching transistor consists of an auxil- 
iary winding on the core of the transformer. 

In a common type of switch-mode power sup- 
ply to which the present invention is advantageous- 
ly applied, two reservoir capacitors are provided 
connected in series across the direct cun-ent power 
source, and preferably a connection extends be- 
tween a tap in the primary winding of the trans- 
former and a junction between the two reservoir 
capacitors, to enable energy for the circuit through 
the first switching transistor and at least part of the 
primary winding to be drawn from this junction. 
Where necessary to maintain the two reservoir 
capacitors in balance, means is provided connect- 
ed to the junction to replace the energy drawn from 



the junction. 

In one embodiment, the means connected to 
the junction to replace the energy drawn therefrom 
consists of a rebalance winding on the core of the 
5 transformer, preferably with the same number of 
turns as the portion of the primary winding used In 
the circuit with the first switching transistor alone, 
and a diode connecting the rebalance winding with 
the junction of the two reservoir capacitors which is 
10 opposite in polarity to a diode In the connection 
extending from tiie tap in the primary winding of 
the transformer and the same junction between the 
two reservoir capacitors. 

In order that the present invention may be 
IS more readily understood, reference will now be 
made to the accompanying drawings, in which:- 
Rgures l and 2 are circuit diagrams of two 
conventional gate drive techniques for use in 
forward converters, 
20 Rgure 3 is a circuit diagram of a fonfl^ard con- 
verter employing the gate drive technique of the 
present invention. 

Rgure 4 Is a modification of the circuit diagram 
of Rgure 3 showing application of the present 
25 invention in a push-pull converter, and 

Rgure 5 is a modification of tiie circuit diagram 
of Rgure 3. 

The circuit diagrams of Rgures 1. 2 and 3 
each relate to a switch-mode converter having an 

30 altemating current input 1, with line and neutral 
leads. In each converter, the altemating current 
input at supply frequency is first converted to di- 
rect current in a conventional manner. The Input 1 
feeds Into an RR filter circuit 2 having capacitors 3, 

35 4, 5 and 6, and leads 7. 8 and 9. The RR filter 
circuit 2 also connects to ground 10. An overcur- 
rent protection fuse 11 is provided, and also a 
negative temperature coefficient themiistor 12. The 
thermistor 12 prevents large innjsh currents at 

40 start-up from opening the fuse 1 1 . 

A diode bridge 13 acts as a voltage doubter in 
conjunction with resen/oir capacitors 15 and 18 
when link 14 is in place. When link 14 is removed, 
bridge 13 acts as a straight bridge rectifier, thereby 

45 providing a method of switching between 120 volt 
and 240 volt systems. Resistances 17 and 18 
maintain in balance the voltage across junction 19 
between resen/oir capacitors 15 and 16. The total 
potential across resen/oir capacitors 15 and 16 

50 together may be up to 370 VDC. 

In each of Rgures 1 to 3. a main converter 
transfonner 20 is shown with a primary and one 
secondary winding only; further secondary wind- 
ings and associated secondary circuits will vary 

55 according to application and can be constructed 
according to techniques well understood in the art. 
altiiough a feed back control signal must be gen- 
erated In accordance with conventional practice. 
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Two switching transistors 22 and 24 are pro- 
vided, those shown being field effect transistors 
(FETs). First switching transistor 22, connected to 
the negative Input rail, and second switching tran- 
sistor 24. connected to the positive input rail, are 
both switched on and off responsive to control 
signals generated by control and drive circuitry 30. 
Power for the control and drive circuitry 30 comes 
from an auxiliary power source (not shown), such 
as a separate low frequency transformer arid recti- 
fier, a simple resistor from the high voltage supply 
(If very littte power Is required) or an extra winding 
and rectifier on the main transformer in conjunction 
with some sort of start-up circuit 

The control and drive circuitry 30 takes the 
feed back control signal through, for example, an 
opto-isolator connected to the secondary circuits 
(not shown), and translates that information into 
pulse-width modulated output signals. Hence, the 
duty cycle of the signals output by the control and 
drive circuitry 30 will be a function of conditions in 
the secondary circuits and will vary both with input 
voltage and to some extent output loading of the 
secondary circuits. 

When switching transistors 22 and 24 are 
turned off, reverse current generated during col- 
lapse of the magnetic field in the magnetic trans- 
former core passes through diodes 26 and 28. 

One example of a conventional technique to 
switch transistors 22 and 24 on is shown in Rgure 
1 . A drive transformer 40 driven by the control and 
drive circuitry 30 induces voltage across separate 
secondary windings 25 and 27, to drive gates 22 
and 24 through resistances 21 and 23, respec- 
tively. The gates of both transistors and the pri- 
mary transformer 20 are also connected to the 
control and drive circuitry 30. In such a system, 
then, the drive circuitry 30 must be able to supply 
the necessary current to tum the transistors 22 and 
24 on and off, and also to supply the magnetizing 
current of the drive transformer 40. The transformer 
is expensive and must be constructed carefully to 
minimize leakage inductance and magnetizing cur- 
rent. 

There are also methods to drive the gates of 
both transistors not using a secondary drive trans- 
former. One such method is shown In Figure 2. 
The circuitry must be configured to allow for the 
switching transistor gates being at very different 
voltage levels. At least one integrated circuit 50 is 
available which is specially designed to accomplish 
this, being International Rectifier IR 2110. One ad- 
vantage of this technique is that the problems 
caused by leakage inductance of the system 
shown in Rgure 1 are eliminated, and the current 
required to charge the gates is of short duration 
only, but the specialized integrated circuit is expen- 
sive. 



One embodiment of a gate drive technique 
according to the present invention is illustrated in 
Rgure 3. A simple conventional drive circuit 30 is 
used, and is connected to only one of the transistor 

5 gates, the first switching transistor 22 on the nega- 
tive input rail. A centre tap 32, added in the pri- 
mary winding 20 of the transformer, is connected 
to the junction 19 between the two reservoir ca- 
pacitors 15 and 16. When the switching transistor 

70 22 Is switched on by the control and drive circuitry 
30. and begins to conduct, current is drawn from 
the junction 19 of the reservoir capacitors 15 and 
16 through diode 44 and into the primary winding 
20 at the centre tap 32. The circuit through the first 

J6 switching transistor 22 is thus completed through 
only part of the primary winding 20. The voltage 
from the centre tap 32 across the half portion of 
the primary winding 20 generates a field in the 
core of the transformer, which in tum induces in a 

20 voltage appearing across the auxiliary winding 42 
connected through resistance 23 to the gate of the 
second switching transistor 24 on the positive input 
rail. After switching transistor 24 tums on, a circuit 
is completed through both switching transistors and 

25 the total primary winding 20. 

When the first switching transistor 22 is initially 
switched on at the beginning of a switching cycle, 
the resulting current flows through only half the 
primary winding 20, therefore resulting in approxi- 

30 mately twice the normal primary current flowing 
through first switching transistor 22 until second 
switching transistor 24 can be activated through 
auxiliary winding 42 to switch on. Since first switch- 
ing transistor 22 is continually extracting charge 

35 from reservoir capacitor 16 at the beginning of 
each switching cycle, the voltage balance across 
reservoir capacitors 15 and 16 will be altered to the 
point where, In some cases, resistances 17 and 18 
will not be able to maintain the balance at junction 

40 19 at a reasonable level. 

In order to prevent Imbalance, means to re- 
place the energy drawn from junction 19, and thus 
rebalance the reservoir capacitors 15 and 16. are 
provided. A rebalance winding 45 with half the 

45 number of tums of the primary winding of the 
transformer 20 (i.e. the same number of turns as 
half the primary winding from centre tap 32) is 
added to the transformer core, and the output Is 
peak rectified through diode 46 which is oppositely 

50 polarized to diode 44. 

This additional rebalance circuitry may not be 
required for lower power levels or where a secon- 
dary regulation is provided which delays the flow of 
current in the secondary current flow, as in, for 

55 example, magnetic regulators. 

It has been found that when link 14 is in place 
to create a voltage doubler circuit, a ripple voltage 
is introduced at junction 19. and for a small portion 
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of the line frequency cycle, the voltage on capaci- 
tor 16 is greater than on capacitor 15. This means 
that despite the fact that there is appropriate gate 
voltage applied to transistor 24 it will not conduct 
cunrent if the voltage induced by transformer action 
the top portion of the primary winding on the trans- 
former when the transistor 22 turns on is sufficient 
that the voltage that exists on the drain of the 
transistor 24 becomes greater than the voltage on 
the source. In order to avoid this problem in the 
circuit as shown in Figure 3, capacitors 15 and 16 
must be made large enough that the ripple voltage 
remains very small, even when the converter is 
operating at maximum power, which could result in 
capacitors several times larger than would normally 
be required. 

One alternative approach is to draw sufficient 
current from the junction 19 (for example to supply 
the control circuitry) to ensure that the voltage on 
capacitor 16 never exceeds that on capacitor 15. 

A further modified arrangement is illustrated in 
Rgure 5. wherein two secondary reservoir capaci- 
tors 15a and 16a are added in series connected 
across the main D.C. power rails but with their 
junction 19a not joined to the junction 19 of capaci- 
tor 15 and 16. The junction 19a of these two 
secondary capacitors is connected to diodes 44 
and 46. Capacitors 15a and 16a may be very much 
smaller than capacitors 15 and 16 since they need 
only to be able to provide the intermittent cun-ent 
required to initiate the conduction cycle. 

The circuitry shown in Figure 3 may also be 
used for flyback converters, and would be espe- 
cially useful for discontinuous types when the initial 
primary current is essentially zero. The primary 
circuitry for a flyback converter would be substan- 
tially the same as shown in Figure 3. with obvious 
modifications to effect the desired output. 

Figure 4 shows circuitry for use in a full bridge 
push-pull converter containing two separate circuits 
through a RFI filter 60 and the primary winding 20 
of the transfonner. 

One circuit, through first and second switching 
transistors 22 and 24 and the primary winding 20, 
operates on receiving a first series of pulse-width 
modulated drive pulses from the control and drive 
circuitry 30 in the manner described above in rela- 
tion to Figure 3. 

A second circuit, through third and fourth 
switching transistors 44 and 46 and the primary 
winding 20 of the transformer, operates ISO* out of 
phase from the first circuit and in the opposite 
direction through the primary winding 20 from the 
cun'ent flow of the first circuit To initiate cun'ent 
through the second circuit, a second series of 
pulse-width drh^e pulses from the control and drive 
circuitry 30, 180* out of phase from the first series, 
switches on third switching transistor 49 and ini- 



tiates a current draw from the junction 19 of the 
two reservoir capacitors 15 and 16, to complete a 
circuit through the centre tap 32 and across the 
other half of the primary winding from that used in 

5 the initial start-up phase of the first circuit The 
resulting field generated in the transformer core Is 
opposite in polarity to the field generated in the 
first circuit start-up. and the oppositely-polarized 
field generates a voltage across a second auxiliary 

10 winding 43 which switches on the fourth switching 
transistor 51 through resistance 48, thus complet- 
ing the second circuit through the third and fourth 
switching transistors 49 and 51, and the whole of 
the primary winding 20. 

IS In full operation, as the first and third switching 
transistors 22 and 49 are driven from the control 
and drive circuitry 30 ISO* out of phase, the cur- 
rent is drawn through the centre tap 32 to al- 
ternately pass through each half of the primary 
20 winding 20, and voltage is alternately induced 
across auxiliary windings 42 and 43 In order to 
activate^ the second and fourth transistors 24 and 
46 180* out of phase, to complete their respective 
circuits. 

25 In such a system, the rebalance circuit is full 
wave rectified through diodes 46 and 47. The re- 
balance winding 45' Is provided with the same 
number of tums as the whole of the primary wind- 
ing 20 of the transfomier. and has a centre tap 61 

30 connected to the negative supply rail to allow al- 
ternate completion of rebalance circuits for the first 
and second circuits. 

For a full bridge circuit, some form of sym- 
metry correction Is required as is known to keep 

35 the core from entering saturation over several cy- 
cles, such as by current mode control incorporated 
into control circuitry (not shown). 

Similar secondary capacitors 15a and 16a as 
illustrated in Rgure 5 may be added in the circuit 

40 illustrated in Figure 4 to avoid the problem with 
ripple voltage at higher output power levels as 
already discussed above. 

Claims 

45 

1. A switch-mode power supply of the type hav- 
ing: 

a direct cunrent power source; 

a transformer with a primary winding, at 
50 least one secondary winding and a core; 

first and second switching transistors in 
series with the primary winding of the trans- 
former; and 

drive means for generating signals to 
55 switch on the switching transistors to complete 
a circuit through the direct current power 
source, the switching transistors and the pri- 
mary winding, characterised by: 
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connection means for completing a circuit 
through the first switching transistor and at 
least part of the primary winding on activation 
of the drive means, current therefrom generat- 
ing a field in the core of the transformer; and 5 
further characterised in that 

the drive means comprises first means to 
turn on the first switching transistor, and sec- 
ond means responsive to the field generated in 
the core of the transfonner for switching on the io 
second switching transistor, thereby complet- 
ing a circuit through both switching transistors 
and the whole of the primary winding of the 
transformer. 

15 

2. A switch-mode power supply according to 
claim 1 . wherein the second means for switch- 
ing on the second switching transistor com- 
prises an auxiliary winding on the core of the 
transformer. 20 

3. A switch-mode power supply according to 
claim 1. or 2, having two first reservoir capaci- 
tors in series connected to the direct current 
power source, and wherein the connection 2S 
means comprises: 

a connection extending between a tap In 
the primary winding of the transformer and a 
junction between the two first reservoir capaci- 
tors, whereby energy for the circuit through the 30 
first switching transistor and at least part of the 
primary winding Is drawn from said junction; 
and 

means connected to said junction to re- 
place said energy drawn from said junction, 35 
whereby to maintain tiie two reservoir capaci- 
tors In balance. 



4. A switch-mode power supply according to 
claim 3, wherein the connection comprises a 
first diode polarized to permit the desired cur- 
rent flow, and the means connected to said 
junction to replace said energy comprises: 

a rebalance winding on the core of the 
transformer: and 

means connecting the rebalance winding 
with the junction of the two reservoir capaci- 
tors, said means comprising a second diode of 
opposite polarity to the first diode. 

5. A switch-mode power supply according to 
claim 4, wherein tiie rebalance winding has the 
same number of turns as said at least part of 
the primary winding of the transformer. 

6. A switch-mode power supply according to any 
preceding claim, wherein tiie first means of the 
drive means comprises a source of pulse-widtii 



modulated drive pulses. 

7. A switch-mode power supply according to 
claim 4. 5 or 6, having: 

third and fourth switching transistors In se- 
ries with the primary winding of the trans- 
former to complete a circuit through the direct 
current power source, the tiiird and fourth 
switching transistors and tiie primary winding 
in which the direction of current flow through 
tiie primary winding is opposite to that in tiie 
circuit tiirough the first and second switching 
transistors and the primary winding; and 

drive means for generating signals to 
switch on the third and fourtii switching transis- 
tors, when the first and second transistors are 
switched of^, 

the connection means completing a circuit 
through tiie ttiird switching transistor and at 
least part of the primary winding on activation 
of the drive means for generating a signal to 
switch on tiie third switching transistor, current 
therefrom generating a field In the core of the 
transformer opposite in polarity to that gen- 
erated by current through tiie first switching 
transistor; 

means responsive to said oppositely po- 
larized field in the core of the transformer for 
switching on the fourth switching transistor, 
tiiereby completing a circuit through tiie third 
and fourth switching transistors and the whole 
of the primary winding of the transformer when 
the circuit completed through the first and sec- 
ond switching transistors and the whole of the 
primary winding of tiie transfonmer has been 
turned off. 

8. A switch-mode power supply, according to 
claim 7, wherein the drive means for switching 

40 on the first and tiiird switching transistors com- 

prises a single source of pulse-width modu- 
lated signals providing two series of pulse- 
width modulated drive pulses, each series tid- 
ing 180* out of phase with tiie ottier. 

45 

9. A switch-mode power supply, according to 
claim 8, wherein the means for switching on 
tiie second and fourth switching transistors 
comprise, respectively, first and second auxil- 

50 iary windings on the transformer. 

10. A switch-mode power supply, according to any 
of claims 3 to 9, wherein the direct current 
power source is a voltage doubler circuit com- 

55 prising further voltage doubler reservoir capaci- 
tors connected in series at a junction, the 
series connected voltage doubler reservoir ca- 
pacitors being connected to the source in par- 
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allel with said series connected first reservoir 
capacitors, and the junction between the first 
reservoir capacitors being isolated from the 
junction between the further reservoir capaci- 
tors. 
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